We present structural studies of a dimeric compound composed of a central heptyl spacer linking two mesogens consisting of terphenyl units at which two adjacent fluoro groups are attached to each central ring. The terminal rings are linked to pentyl chains as terminal groups. The material exhibits a nematic-nematic transition and a low temperature modulated phase. The higher temperature nematic phase was found to exhibit an anomaly of the bend elastic constant similar to that of the dimers with N-N tb phase sequence, and the physical properties of the low-temperature nematic phase are similar to those of the known N tb materials. The structure of the low-temperature modulated smectic/columnar phase is described together with its ability to form freely suspended films and fibres. The relation of the modulated structure to the fibre formation and to the appearance of the labyrinthine instability in freely-suspended films is discussed.
Introduction
It has been long recognised that the mesogenic shape is of vital importance for determining the character of the liquid crystalline phase. 1 Rod-shaped, disc-shaped, bent-core or umbrellashaped molecular forms are just a few examples of mesogenic design. Bent-core mesogens, for example, exhibit a rich variety of polar phases, which are not typical for rod-shaped mesogens. Mean-field theory of bent-core liquid crystals predicts a manifold of nematic-type phases (without positional order) including uniaxial, biaxial and tetrahedratic phases. 2 Unusual properties of the bent-core nematic phases of resorcinol derivatives, such as the formation of optically active domains, enhanced flexoelectric effect 3 and strong magneto-optical effects, 4, 5 have been reported.
Recently, the appearance of weakly first order nematic-nematic transitions and the identification of a novel nematic phase have been reported for cyanobiphenyl based odd methylene linked dimers (CBnCB). [6] [7] [8] [9] [10] [11] This new nematic-type phase is distinguished by unusual periodic patterns observed by polarising microscopy and very fast electro-optic switching in the microsecond regime. 12, 13 However, an unambiguous determination of the phase structure appears to be very difficult, since it exhibits no electron density modulation. Extensive studies 8, 10, 11 suggested that this structure corresponds to a phase with a spontaneous conical twist-bend director distortion (N tb ), which was theoretically predicted to be driven by an elastic instability with the sign inversion of the bend elastic constant K 33 for bent-shaped molecules. 14 It was shown that only the odd parity of the flexible linking group of dimers gives rise to a predominant bent molecular conformation 8, 15, 16 leading to unusually low K 33 values in the classical nematic phase 11, 17, 18 and nematics formed by bent-core mesogens. 19 Alternatively, a flexoelectric instability may be responsible for a local polar helical order. 20 Short-range smectic fluctuations and formation of interdigitated molecular clusters with twisted mesogenic conformations is yet another possibility to explain the structure of the new nematic phase.
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2H DNMR spectroscopy demonstrated local chiral order in the N tb phase despite the fact that the mesogens do not possess any chiral groups. 8, [22] [23] [24] Measurements of the electroclinic effect in CB7CB 25 suggested, and freeze-fracture transmission electron microscopy observations in thin films 10, 11 proved the presence of a very short pitch helix in the range of 8-12 nm. Recent resonant X-ray studies gave additional evidence in favour of the a Department of Nonlinear Phenomena, Institute for Experimental Physics, heliconical model. 26 Despite the fact that the picture of a chiral nematic phase with a pitch of few molecular lengths where the director twists and bends is widely recalled, the mesophase structure still remains subject of debate. 21, 23, 27, 28 show the cholesteric analogue of the N tb phase and remarkably give rise to multiple sequential N-N transitions. 36, 37 This variety of new materials gave rise to richer mesomorphism which, in some cases, involve additional low temperature new smectic phases. 27, 35, 38 In this paper, we present polarizing microscopy, dielectric, elastic and small angle X-ray scattering studies of the structure of a six-ring compound 1 with laterally fluorinated terphenyl units, which exhibits an N-N x transition and a lowtemperature modulated phase. 39 We demonstrate that the high-temperature nematic phase exhibits an anomaly of the bend elastic constant similar to that in the N phase of flexible dimers with underlying N tb phase, and where the physical properties of the low-temperature nematic phase are similar to those of the known N tb -materials. Freely suspended films (FSF) found in the N x phase suggesting a strong tendency for smectic layering already in the N x phase. We also discuss the structure and the properties of the low-temperature higherordered modulated phase exhibiting the labyrinthine instability in FSFs.
Experimental
The investigated dimer 1,7-bis(2 0 ,3
terphenyl]-4-yl)heptane was synthesized as described in the ESI, † 39 and consists of two fluorinated mesogenic units connected via a spacer consisting of seven methylene units. The chemical structure of compound 1 is depicted in Fig. 1 , together with the corresponding phase sequence as obtained by differential scanning calorimetry (DSC) from the second heating/cooling runs at scanning rates of 10 1C min À1 .
Optical observations were made with a polarizing microscope (AxioImager Pol, Carl Zeiss, GmbH) equipped with a high-resolution cooled CCD camera AxioCam HR (Carl Zeiss, GmbH) in both transmission and reflection. Thin free-standing films were drawn across a 10 Â 3 mm opening in a rectangular glass frame mounted in a Linkam LTS 350 heating stage. The temperature was controlled with an accuracy of AE0.1 1C. Measurements of the birefringence where made with a CRI Polscope polarimeter. Second-harmonic generation (SHG) measurements were performed using a linearly polarized Nd:YAG laser operating at l = 1064 nm (10 ns pulse width and 10 Hz repetition rate) with a laser spot size of around 50 mm.
The perpendicular component of the dielectric permittivity was recorded in 7 mm planar aligned ITO glass cells with an Agilent Precision LRC meter E4890A. Dielectric spectra were investigated using an impedance analyzer HP4291A and gold-plated brass electrodes with 5 mm diameter separated by 50 mm thick silica spacers placed at the end of a coaxial line. As confirmed by subsequent data obtained under magnetic field alignment, in the metallic cells the material spontaneously aligned mostly homeotropically, allowing the measurement of the parallel component of the permittivity. Planar alignment was recovered by application of a dc bias field.
Small Angle X-ray Scattering (SAXS) was carried out on the beamline 7.3.3 of the Advanced Light Source of Lawrence Berkeley National Laboratory 40 (10 keV incident beam energy, 1.24 Å wavelength, utilizing a Pilatus 2M detector). The liquid crystal was filled into 1 mm diameter quartz X-ray capillary tubes, which were then mounted into a custom-built aluminum cassette that allowed X-ray detection with a AE13.51 angular range. The cassette fits into a standard hot stage (Instec model HCS402) that allowed temperature control with AE0.1 1C precision. The stage also included two cylindrical neodymium iron boron magnets that supplied a magnetic induction of B = 1.5 T perpendicular to the incident X-ray beam. The analysis was performed in Igor Pro software with Nika package. ). The molecule sketched at the bottom was optimized using MarvinSketch of ChemAxon software.
Results and discussion

Optical textures
The high-temperature nematic phase on a bare glass substrate exhibits typical Schlieren textures in polarising microscopy. Strong flickering of the texture indicates pronounced director fluctuations typical for uniaxial nematic phases. In polyimidetreated sandwich cells, a planarly aligned uniform texture can be easily achieved. The transition into the low-temperature nematic phase (N x ) is marked by the appearance of fine wrinkles on the Schlieren texture ( Fig. 2a and b) . In case of thin films on a bare glass substrate with a free surface, the Schlieren texture transforms into the homeotropic one. When a uniform sample is prepared in the polyimide-treated planar cells (cell thickness: 6, 10 and 25 mm), the transition is accompanied by the formation of a periodic ribbon-like texture with the ribbons parallel to the rubbing direction (Fig. S1 , ESI †), whereby the director field exhibits a splay deformation. The periodicity of the stripe pattern equals two times the cell thickness, as already described for other dimers exhibiting the twist-bend phase. 7, 31, 42 It has recently been proposed that the underlying mechanism for the formation of such periodic texture corresponds to the Helfrich-Hurault-type instability. 11, 31 On further cooling, in thin-film samples on glass substrate, the smectic phase develops in the form of a uniformly aligned low-birefringent texture. The ribbon-texture continuously smears and becomes disordered. Only the Schlieren textures in thin films with a free surface remain polymorphic. The wrinkles on the Schlierens become more pronounced. Studies under very slow cooling rates (0.1 1C min À1 ) in very thin polyimide-treated planar cells (2.4 mm) show that the transition to the N x phase leads to a quasi-uniform texture with domains of alternating handedness, which can be visualized from the contrast difference on uncrossing polarisers in opposite directions, as already observed for cyanobiphenyl based dimers and terphenyl systems by Panov et al. 12, 43 as well as for CB7CB by
Meyer et al. 25, 44 ( Fig. 2d-f ), and which prevails over the striped texture till 10 degrees below the transition. With the rubbing direction at 451 with respect to the crossed polarizers, the texture appears uniform (Fig. 2f ). The birefringence of the sample was measured by a CRI Abrio polarimeter in the nematic phase and in the quasi-uniform texture range of the N x phase. As can be observed in Fig. 3a , the birefringence sharply increases at the onset of nematic ordering, but on approaching the N-N x transition, it reaches a saturated value. At the transition to the low temperature nematic phase, a small jump in the birefringence dDn could be detected, as expected for a weak first order transition. Assuming that the decrease of the birefringence is due to the N tb -type heliconical director structure and following Meyer's procedure, we estimate the temperature dependence of the conical angle y using the expression Dn
the nematic temperature range of 1 is broader and the Dn(T) behaviour deviates from Haller formula. 45 For this reason the apparent saturated value of the birefringence in the nematic phase was used as the extrapolated value Dn N ext (T). The estimated y value around 101 is approximately three times smaller than that reported for cyanobiphenyl based dimers. 44, 46 We should recall here that recently, based on
H} NMR measurements at a magnetic field strength of 11.75 T, an unusual temperature dependence of the order parameter for the equivalent longer homologue (9 carbon chain) has been reported by Emsley et al. 47 They showed that the order parameter exhibits a clear deviation from the Haller behaviour with a maximum in the N phase a few degrees before the transition to the N x phase, which is followed by a smooth continuous decrease. The difference between the measured and the Haller extrapolated values is attributed to the presence of a tilt of the local director with respect to the magnetic field already in the N phase, which was accounted for in a similar way by the scaling factor P 2 (cos y(T)). If one applies the same procedure here, i.e. Dn Haller fit of Dn for temperatures between T NI and 140 1C, a different result will be obtained with the tilt steadily emerging already in the N phase below 140 1C and reaching a maximum value of around 20 degrees in the N x phase. Emsley et al. argued 47 that the appearance of such a tilt in the N phase results from entangled intercalated arrangements of few molecules as a consequence of the averaged bent molecular shape.
Dielectric and elastic properties
Each mesogenic unit of compound 1 carries two identical dipole moments of about 1.5 D coming from each of the C-F bond. They give rise to a main component of the molecular dipole moment along the transversal direction. Thus, the dielectric anisotropy is negative and its magnitude slightly increases with increasing order parameter (Fig. 4) . In all phases, both permittivities (parallel and perpendicular to the director) are rather small when compared to those obtained for other dimers with positive dielectric anisotropy 42, 46 and do not exceed 4.2. Upon the transition into the N x and SmX phases, there are slight downward jumps of the values of both e J and e > , but De continues growing. Since the alignment is disturbed upon the transition to the N x phase, the dielectric data cannot be easily interpreted in terms of parallel and perpendicular components of the dielectric permittivity. Interestingly, e J ( f ) and e > ( f ) in the three phases are characterized by a single high frequency relaxation process (B10 8 Hz) with very small thermal activation (Fig. S2 , ESI †), which can be associated with the rotations around the long molecular axes. The lack of any appreciable contribution at low frequencies has two implications: first, the averaged molecular longitudinal dipole moment vanishes due to the molecular symmetry; and second, collective processes characteristic of polar phases are absent. The absence of polar order on a micrometre scale was also demonstrated by the absence of the optical Second Harmonic Generation: neither spontaneous nor field-induced SHG signals could be detected. The splay (K 11 ) and bend (K 33 ) elastic constants in the conventional nematic phase were determined from the magnetic field dependence of the sample capacitance in the splay geometry. The magnetic field was varied between 0 and 700 mT with a waiting time of 30 seconds between the application of the field and the data acquisition, to allow an equilibration of the sample. While K 11 can be determined directly from the Fréedericksz threshold B splay th0 ¼ p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi m 0 K 11 = Dw j j p d (d equals the cell thickness, 25 mm in our case), K 33 can be deduced from the full fit of the capacitance curve (see ESI † for detailed description). The diamagnetic susceptibility anisotropy Dw has been calculated from the change of the magnetic threshold field B th under different applied voltages that tend to stabilize the planar alignment, given the negative dielectric anisotropy of the material (see ESI † for a detailed description of the method). The sample capacitance was measured with an Impedance Analyzer Solartron 1260 at the frequency of 5 kHz at different probe fields using the 4-wire technique. The twist elastic constant was measured in the high temperature nematic phase by studying the light transmission in the twist geometry (magnetic field in the cell plane, perpendicular to the alignment direction) with the sample positioned between crossed polarisers, initially at 01 and 901 with respect to the nematic director. The magnetic threshold field was determined from the intersection of the initial signal increase and that of the undistorted state (Fig. S4 , ESI †) and K 22 was obtained from Fig. 5a shows the temperature dependence of K 11 , K 22 and K 33 in the high temperature nematic phase. Contrary to conventional nematics, K 33 is significantly lower than K 11 and decreases 
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on cooling down to B0.6 pN before the transition to the modulated phase takes place. This is in agreement with the results reported for a variety of dimers with odd numbered spacers. 11, 17, 18, 42 On the other hand, K 22 slowly increases on cooling down to 135 1C. Below this temperature and approaching the N-N x transition, the increase becomes much steeper. The ratio of the elastic constants K 11 /K 22 remains around 2.5 and slightly decreases close to the N x phase. Despite the decrease, K 11 /K 22 remains larger than 2 as expected for the stabilization of the twist-bend deformation opposed to the splay-bend deformation.
14 Such ratio of around 2.5 was previously reported for a six component mixture of odd dimers, 18 but is far from that of 1.4 recently discussed for CB7CB. 48 The temperature dependence of the measured diamagnetic anisotropy Dw shown in 
Mesophase structure
Nanoscale structures of the mesophases were investigated by synchrotron X-ray scattering on magnetically aligned samples. The azimuthally integrated intensities are plotted against the wavenumber q at various temperatures in Fig. 6 . In the temperature range of both nematic phases, the scattering diagrams look very similar. They feature broad equatorial maxima in the wide-angle region and rather weak quasi-reflections in the smallangle region. High-resolution X-ray reveals a fine structure of SAXS data. In the nematic phase, three broad peaks can be distinguished oriented nearly parallel to the applied magnetic field: two of them are closely spaced at q 1a E 0.149 Å À1 , q 1b E 0.157 Å À1 and the third is at q 2 E 0.328 Å À1 (Fig. 6a) . (Fig. 1) . Remarkably, the intensity of the SAXS peaks is very weak and is comparable to the wide-angle scattering intensity originated from the lateral order of the mesogens. Compared with the spacing observed in the X-ray experiments, we may conclude that d 1a and d 1b correspond to the bent conformers and d 2 is about half of d 1a,b . The correlation length estimated from the full width at half maximum (FWHM) is x E 20 Å, which is significantly smaller than the molecular length in the extended conformation. Although both peaks are quite small, the intensity at q 2 is remarkably larger than that at q 1 . These observations are in accord with results for a range of dimers containing laterally fluorinated groups where correlation lengths in the range of 10-20 Å were detected, using lab based instrumentation. 27 In the N x phase, the q 1a and q 1b peaks merge to a single peak at q 1 E 0.158 Å À1 (Fig. 6b) . Only two broad quasi-reflections can be distinguished in SAXS. The intensities of both peaks increase on lowering the temperature, but the q-values of the maxima do not change significantly. Importantly, while I(q 2 ) increases only slightly (20%) on cooling, I(q 1 ) increases by about 200%. The correlation lengths (x E 10-100 Å) at the lowest temperature range of the N x phase are larger than the molecular lengths indicating smectic cluster type correlations, similar to those typically observed in rigid bent-core materials. 50 These data can be interpreted by the presence of smectic clusters with a strongly intercalated structure. The stability of the clusters is determined by the steric interactions favouring parallel alignment of the monomers and the tendency of aromatic and alkyl moieties to separate on the molecular scale. In the nematic phase, the dynamic equilibrium between these structures is established, which yields two SAXS peaks corresponding to the length of the bent dimer and about half of this length. As the temperature is lowered, the conformational landscape attained by the mesogens becomes smaller and the motion of the molecular moieties in an intercalated structure becomes constrained. This favours a long-term stability of twisted (chiral) conformers. As a result, a helical superstructure develops or, as new theoretical works demonstrate, 21 ,51 a strongly intercalated chiral cluster structure with a nano-scale periodicity is stabilised. The scattering pattern drastically changes upon the transition to the low-temperature higher-ordered phase (Fig. 6c) . The broad nematic peaks condense into sharp quasi-Bragg reflections typical for smectic and columnar phases. New reflections appear in SAXS which indicate a 2D structure (columnar or modulated smectic). The primary peaks at q 1 = 0.154 Å
À1
, corresponding to the length of the dimer (with a slightly more extended conformation than in N x ), become very sharp and show some preferred orientation in the same direction as in the N x phase. The second-order reflection appears at q 2 = 2q 1 . These peaks can be attributed to a smectic periodicity. The correlation length of the peaks is x 1 4 500 Å, indicating well developed smectic layers. An additional peak at q 0 = 0.048 Å À1 (d = 131 Å) appears in the direction nearly perpendicular to the magnetic field. This peak position increases on cooling, corresponding to a decrease of the periodicity from 131 Å to about 118 Å over the entire SmX temperature range (Fig. 7) . Thus, the SmX phase can be described as a modulated structure with an oblique unit cell. This kind of pattern is very similar to that found in the B 7 and B 1 phases of rigid bent-core materials The observed peaks can be indexed as (01), (02), (10), (11), (1À1), (12) , (1À2), (13), (21) and (20), as shown in Fig. 6c . The splitting of the (11), (1À1) and the (12) (1À2) peaks is in agreement with an oblique View Article Online character of the unit cell. Fig. 8 represents the electron density map obtained for the SmX phase at 93 1C assuming all positive form factor phases. An overlay of the proposed packing is also given, showing a B 1 -type modulated structure with the layer spacing shifted by half a layer distance in periodicities of about 11 nm. Such a modulation period is in agreement with recent FF-TEM results obtained in the SmX phase of the investigated compound, that also showed its coexistence with the smectic layers. There it was found that the material forms stable freestanding filaments which is characteristic of the B 7 materials. 39 Upon further cooling, a new phase, tentatively assigned to be a crystal phase, forms below SmX at 74 1C. This phase exhibits a very sharp peak at q 1 = 0.212 Å À1 , corresponding to d 1 = 29.64 Å.
This value is significantly smaller than the length of a dimer, suggesting either a tilted or an intercalated lamellar configuration. In summary, the transformation of the mesophase can be described as following: the isotropic phase condenses into a nematic phase were mesogens are prone to organise into shortranged intercalated clusters. As the temperature lowers, reaching the N x phase, twisted molecular conformations persist for longer time and a chiral separation takes place. We note that these conformations can be unwound by strong external magnetic fields. 52 The mesogens in the clusters adopt a tilted anticlinic configuration with neighbouring packs of mesogens shifted by half of the molecular length and exhibiting a helical arrangement. 21 This gives an X-ray maximum corresponding to about half of the molecular length. At the N x -SmX transition, the layers extend, but the competition between the tendency of the mesogens to intercalate and the excluded volume interactions favouring single layers results in a frustration, which is relieved by development of a periodic 2D modulation where the molecular blocks are shifted by about half of the molecular length.
Behaviour in freely-suspended films
Stability of freely-suspended films is typical for most of the smectic materials. The investigated material is no exception. Films of thicknesses varying between 100 nm and 1000 nm could be easily prepared in the SmX phase. Surprisingly, the films could be prepared even in the N x phase. Remarkably, the films remained stable upon heating up to 10 degrees above the bulk N x -SmX transition. In the N x phase, the films appear very turbid with continuous variation of the films thickness, which is often encountered in nematic phases (Fig. 9a) . Surfaceinduced pre-smectic order is known to stabilize films in the nematic phase. Close to the N x -SmX transition, layer steps appear, but the films remain very dynamic. This is a clear indication of the developing layer structure already in the N x phase. Persistent advective motion in the films often results in their rupture. The films appear dark between crossed polarisers without any indication of the Schlieren textures in the N x phase, which indicates that the optical axis is orthogonal to the film plane. Layer-steps appear close to the bulk transition temperature to the SmX phase. In the SmX phase, the motions in the film come to a halt often resulting in areas (islands) with a uniform film thickness (Fig. 9b) . Films thinner than 50 nm remain uniform in the SmX phase. In the course of time, however, tong-like structures appear from the meniscus and grow into the film area (Fig. 10) . Those structures exhibit labyrinth-type striped patterns, which are visible even without polarisers ( Fig. 10a and b) . Between crossed polarisers, these labyrinths appear birefringent, with the slow optical axis parallel to the stripes (Fig. 10d) . The growth of the tongues from the film meniscus is initiated by the dislocation climb of a layer dislocation with a large Burgers number. The dislocation can go around the whole film or it may change its propagation direction forming a pin. Already formed dislocations elongate, fold and bifurcate, which drives further growth of the striped pattern. The labyrinthine pattern has coloured appearance in reflection and transmission without polarisers. These stripes are similar to the coloured stripes in freely suspended filaments and are attributed to an interference effect. 53 In 100-1000 nm thick films, the pattern formation is different. The boundaries of islands, which represent thickness steps, become unstable in the SmX phase (Fig. 9b) and they transform into finger-like structures, which grow and bifurcate. The final texture consists of traces of layer-steps and appears coloured in reflected light. The optical slow axis is aligned parallel to the layer dislocations (Fig. 9d) . In thicker areas, where no colour can be distinguished, the labyrinth structures appear too, but the single stripes cannot be easily distinguished. The quasi focal conic texture observed in polarised light is a direct indication of a 1D periodic order in the SmX phase (Fig. 9b) . The labyrinth texture is reversible and it disappears on heating in the vicinity of the SmX-N x transition.
The mechanism responsible for the formation of the labyrinthine structure remains unclear. It appears that the spontaneous polarisation cannot drive the instability since non polar response to an in-plane electric field has been observed in freely-suspended films of various thicknesses, suggesting the absence of either a ferroelectric or antiferroelectric structure. In this respect, another kind of mechanism can be considered, which was suggested for intercalated dimeric SmC compounds. 54 The broken layer structure of the SmX phase can be considered as effectively intercalated, but on a larger length scale (150 Å). In this structure, the LC/air interface layer would exhibit a density inhomogeneity. An undulation of the layers develops to compensate the inhomogeneity by tilting the smectic layers and splaying the director to balance the nonuniformity of the density. Such a splayed configuration is favoured in the vicinity of a layer dislocation. Thus, the undulation reduces the energy of the layer dislocations. In case of a negative line tension, the layer dislocations spontaneously grow forming a 1D periodic pattern of islands. 54 Similar mechanisms can be envisioned for the formation of the 2D structure of the SmX phase in films. When the smectic layers are formed, they align parallel to the film surface. In freely suspended films, the free surface imposes a geometrical constraint on the order of the smectic layers. A transversal modulation of the smectic layers can be described by a complex order parameter c 2 = c 02 e ij(x,y)
, where c 02 is the amplitude and j(x,y) = q m Ár is the phase with a modulation wave vector q m . This wave imposes a periodic inner stress on the smectic layers, which at the beginning is equilibrated by the surface stress. As the modulation amplitude increases, the inner stress leads to a dilation/compression of the smectic layers followed by the nucleation of edge dislocations similar to a Helfrich instability. Since the modulation length is comparable with the molecular scale (130 Å), the layers appear strongly interdigitated. As a result, the outer, half-filled layer has a reduced density, which favours the local curvature of the outer smectic layer. The curvature induced by the stress modulation can be relieved by introducing edge dislocations in the vicinity of the surface layer. Such a spontaneous curvature reduces the dislocation energy W e per unit length. When W e o 0, the dislocations start elongating and filling up the space.
Conclusions
In summary, we studied a dimeric mesogen with negative dielectric anisotropy which exhibits a nematic-nematic transition and an additional modulated smectic phase at lower temperatures. The classical uniaxial nematic phase at high temperatures shows very low values of the bend elastic constant and is followed by a low temperature nematic phase which exhibits properties similar to those of the N tb phase, such as periodic striped textures in thick cells, quasi-uniform domains of opposite handedness in thin cells, and the absence of nonlinear optic activity in the bulk. At the same time, metastable freestanding (FS) films could be formed indicating a tendency to smectic ordering. The lowtemperature SmX phase is found to be a modulated phase, which exhibits a labyrinthine instability in FS films and forms freely suspended fibres. This finding suggests that the modulated structure is responsible for the stabilisation of the fibres and labyrinths in films rather than the polarisation splay as in the B 7 phase of bent-core LCs.
